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ADVANCE RESTRICTED REP6RT

TATIGUE STR~19f3TH 01’ FLUSH-RIVETED JOINTS FOR

AIECRA3’T KAl?WACT~ED BY tAIIIOUS RIVZTIIW METHODS

By (3. A. Maney and L. T. V/yly

“SUMMARY

The reeultn of an inveetigatlon to determine the fatigue
strength of fluskrlveted Joints manufactured by different
riveting methods are presented. To8t8 were made on a direct
stress fatigue machine at room temperatures. The rlvete wgre
made of alumlnum alloy A17S=T and the plates of aluminum
alloy 24&T. Preliminary tests at 700 Z’ on speclmene hnving
varying ratios of rivet diameter to plate thickness vere made
under both static and dynamic loads to check the efflcioncy
of the specimen grips,

The? reeulte of the tests ehowed that the fatigue
strength of the Joints was directly affected by the method
of riveting ueed. The endurance limit of the rivets In CO-
pletely revereed shear was great=mt for commercial counte~
eunk rivete with the head 0.010 Inch above the plate surface
bdfore driving, while the endurance limit wae lowest for com-
mercial countersunk rlvete with the head 0,003 inch below
the surface before driving. The endurance limit for reverse-
driven rivets (Method E) was intermediate between the
extremes, In eeveral caees considerable variation In b-
havior under the came fatigue londO waa found In specimene
of the came merlesa The lowest endurance limit found in
this investigation was about 9400 psi while the mflximum
found wae about 15.000 pei. Static temtta on the revertae
driven %ivets showed an ultimate stren~th of about 38.000
psi, this being the highe~t strength
the Joints,

I)EI?I191TIOMS

d;veloped by any”of

The Joints were tested In tension, thus putting the
rivets In shear. The term Multluate tensile etrengthn as

.

— .——



used In this report refers to the ultimate etrength of the
Joints as a unit. The term flstatio ultinate strengthn of
the rivets refers to the ultimate shearing unit stress de-
veloped by the rivets at rupture. The term ‘unit stressU
in this report refers to the shearing unit strees in the
rivets. ●

INTRODUCTION

Tests by Eartnr.nn, Lyst, end Andrews (raference 1) and
by Andrews and Holt (reference 2) on aluminum alloy riveted
connections have recently been published. The l~terature
on fatigue tests of riveted Jolnte is etlll ueager, however,
and so far as the authors kcow an investigation of the sise
and the type of aluulnum alloy rivets here studied has not
previously been ~ade. After some prelluinary study, it wae
decided to limit the scope of the investigation to one taize
of rivet, one thickness of plate, one type of specimen, nnd
four methods of riveting. (See fig. 1.)

This Investigation, conducted at the I?orthwestern
University, was sponsored by and conducted with the financial
as61stance of the National Advisory Comfilttee for Aeronnutice.
The methods of riveting Investigated are those for which
static strength has been investigated by the Langley M-
morial Aeronautical Laboratory of the 19~tlonal Advisory
Comrilttoe for Aeronautics. (See reference 3.) The work
was conducted under the direction of the authors.

Credit for performing uost of the actunl testing ehould
be g“lvan to the following students: Helmt Abt, Victor Archer,
Gervase Gauer, ?aul Gouwens, Kenneth Lenzen, Frank Phalen,
Itllliaa Ross, and Miles Tourtellotte. The work of remodek
ing and calibrating the testing machine wae done by L, T,
Yylym

APPARA~US AND METHODS “

~X!&$&g_hRWa- The methods of riveting used are
those developed by the Langley Structures research lebora-
tor~ of the HACA and described in reference 3. The types
of rivets useil and their dimensions, the angles of the
countersunk holes, nnd the side from which the rivete are
inserted are shown In figures 2 to 5. The distinguishing
fe~tUres of the riveting methods u6ed In this investigation
are:



Method C. The manufactured head of the countersunk
rivet Ie driven with a vibrating gun while the shank end Is

m. .... “tmcked witha bar: The driven rivet head is f~at, All speci-
mens riveted by this method ~re given the prefix C an the
designation. -

,’

I Method E. The manufactured round head of the rivet Is
driven with a vibrating gun while the shank end ts bucked
with a bar. After the rivet is driven, the portion of the
formed head that protrudes above the skin surface Is milled
off”and finished 6mooth with the sheet. All specimens riveted
by this method have the prefix M.

z-t FI~,- Details of the specimens for the
‘Preliminary Testsn are shown iu figure 6. Details of the
speoimens for the IiMain Testsll are shown in figure 1. Tha
preliminary specimens were detailed by the ITorthwestern

“. University. The Langley laboratory made the final details
of the main test specimans and furnished all specimens for
both preliminary and regular tests.

M&tQl.i42h.- The plates were made from sheets of 245-T
aluminum alloy, The rivets were made from A17%T aluainum
alloy.

~ecimen rriqs.- The grips used to mount the specimens—.
in the testing machines are split screw fittings which were
secured to the ends of the specimens by drive fit dowels,
“by friction, and by split tapered dowals. Details aro shown
In figure 7.

mmg_a&GhlmM ,- The preliminary static tests were
run on a Southwark-Emery universml hydraulic testing machine,
The preliminary dynamic tests were run on a Rlehle pendulum
impact machine which is equipped for tension impact testing.
Both of these machines have been described in a report of a
previous study (reference 4).

Yhe fatigue tests were run on an H, Yc Moore type
repeated direct stress machine (fig. 8) modified as ‘
necessary for this series. This =acbine has been desoribed
an reference 5. Several uodificatlons were mafie In the
Slorthwestern model both to handle the specimens used and
also to Insure the deslred”aocur”acy in dealing with the
small loads deeired. This machine is of the constant-strain -
type. With the eccentrlo set at zero, Initial compression
Is applied to the specimen by tightening the calibrated
helical spring, TensIon to the desired amount then is
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applled through the pro~ing ring. The eccentric then Is
set to give the proper amount of throw to the actuating
lever bar which causes the load on the specimen to vary
between the desired values of maxinum tension and maxlnum
compression. The calibration curve for the helical spring
is shown in figure 9. A special dial gage was used to
measure the spring extension, readings on two sides being
averaged. The calibration curve for the proving ring Is
shown In figure 10, and in figure 11 Is shown a calibration
of the spring working against the ring and giving actual
load delivered to the specimen. In determining the last
two curves, two elcctrio resistance wire Btrain gages mounted
on opposite sides of a steel specimen placed in the testing
machine, were used. .

It was necessary to take a number of precautions to
secure and hold the loads to the desired accuracy, some of
which were as follows:

1. A specially selected and hardened tool steel eccen-
tric was m~de, to avoid error from wear,

2. A buzzer was used to break up the friction In the
proving ring dial indicator. The mounting and
setting of this dial was never disturbed throug&
out the investigation.

3. The 0.007-inch shim steel diaphragms were slotted
to avoid any dishing. The proper position of
the ring shaft (lower end of specimen mount)
to eliminate any vertical force In the diaphragms
wns determined by test and thie position was
marked by n special gage.

4. Care wae used to avoid utresnes due to change In
room temperature.

5. Prequent checks of load on each specimen were made
during a test and ad~ustinents made when necessary.

6. Check of spring calibration at Intervals showed no
change.

The speed of the testing machine gives about 1600
reversals per minute. An investigation was mede to deter-
mine whether vibration of the actuating lever might produce
loads on the specimens differing appreciably from static
loads. A dial indicator mounted on a micrometer ”screw
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&nil met In a frame rigidly bolted to the oaet Zron bane of
the testing machine at various stations along the lever wam

m, .-.,used.- It wao..,found po.wlkle to establish the fact that there
wau no defleet%on of the lever whioh would appreciably ohange
the load on the. specimen.

,

PRELIMINARY TESTS

The preliminary teets were made to investigate:

1. The strength of the shank for the purpose required

2. The possibility of a slip between the specimens
and the grips

3. The static strength of the $oints

The investigation of these questions was carried out in
oonnecti.on with an impact etudy recently made on the same
series of Joints, and the description of the preliminary
tests is covered in det~.il In the report on that study.
(See reference 4. )

!Che first two of the above questions wore investi-
gated through specimens cf tho preliminary toEts. (See
fig . 6.) The specimens were tested under both very slow
etatlc loada and impact loadfl, The specimen grips used were
similar to the gripe used In the main tests fatigue series
(see fig. 12] except that the latter me lon@r nnd con-
tafn two dowel pins in~tead of one. Statlo strength tssta
were made on specimens of the main series. (See fig. 13.)

Preliminary Test Re~ults

Strength of ehank@- lfo weakness in the shanks of the
@pecimens waa discovered in any of the testB.

Slip in the EriQs.- The preliminary teets established”
the fact that no meataurable slip of the specimens occurred
either under statia or impact loads. The evidence on this
point was quite conclusive, . The energy required to rupture
the epecl=ens varied from 0,4 foot-pownd to 4 foot-pounds,
dne to the varying ratioe of rivet dianeter to plate thicl+
ness used, but the agreement between the energy required to
rupture a given specimen type under static and under dynamic
loads was remarkably good.

,...—.. —
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Ehf!4duL!ixmu&h.- l!he Btatic strength of the ~oln.ts 1s
recorded in table 1. Tho countersunk rivets for Mtithod C
~lth hb = -0.003 showed the least strength, and the rlvete
for Method 1! showed the greateet strength: and there wns a
uniform variation of the etrength from one type of rivet to
another. The maximum difference in static strength was not
large.

MAIN TESTS

It la genernlly agreed that the endurance limit for
completely revereed atreea and the static ultimate strength
fire the uost significant properties since, from this in-
formation, the variation in fatigue strength with range of
stress may be approximated by either a Ooodman-Johnson
(reference 6) or a Haig-Soderberg (reference 7) type of
diagrma.

The matn purpose of the investigation was to establish
by means of S-N diagrams the endurance limit at room tempera-
ture of each of the four types of specimen of the matn test
eeries.

Main Test Procedure “

All aain teste were run at room temperature. All
specimene were sub~ected to completely reversed loading.
The cycles at the endurance limit were carried to ten
million or over for each type.

The procedure wae to etart a aeriee with fairly high
streeees, testing each specimen to rupture, and gradually
reduce the stress on succeeding specimens until a point was
reached where failure did not occur after ten million
reverrnale.

Constant care at all stagee wae used. End connections
were placed on a line scribed through the rivet center and
all holes were drilled while the specimen was mounted in a
jig. Careful watch was kept of the room temperature since
the specinen would respond much si~re quickly than tho machine
to air temperature changee. Ae it wae deeired to hold the
load conetant on n given specimen throughout the test, fr~
quent checking of the load was necessary with eofie slight
ad~uatmenta at times.
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A few Jolntm were found with obPiouEIT defeetive rivets.
These specimens held the otatic load during ad@stment of
the machine but failed after a few ayolem of etreOB. In the

D -. “CB series an unuOually wide spread of reBu-lte occurred Just
above the endurance limit, necessitating a large number of

!“ tests. In one or two oases the specimen failed not in the

1
rivets but b~ fatigue fsacture in the shank where the corner

~ had been cut without a proper fillet.
1

Main Test Eesults

The results of the main teats are shown in table 1 and
in figures 14 to 17. They are summarized in table 2 and
figure 18. Enlarged photographs of typical rivet fractures
are shown in figure 19.

Discussion of Main Test Results

The prlnelpnl results of the main tests are as follows;

1. The static strength of the joints varied uniformly
from 31,500 psi for type CA with hb . –0.003 to 35,500 for
type CC with hb = 0.010 nnd 38,100 for type NA, reverse
method.

2. The endurance limit (fati”g”uestrength) varied
uniformly from about 9,300 psi for type CA to 15,000 psi
for type CC with typfl MA showing an interuodiate strength
of about 11,000 psi, This Is a very substantial varlatlon
In strength.

3, In general, the &M curves show the usual sharp
break in the neighborhood of a million cycles of Stress and
a very gentle slope between me and ten million a~cles.

4? The individual variation or spread in resultO in m
certain oases was quite broad, as is frequently the case
Sn fati%ue tests.

The most outstanding result of the tests is the effeat
of the method of riveting upon fatigue strength and, in
particular, the low fatigue strength developed by the HA
Specimens, that 1s, reverse method. Equally interesting is
the marked inorease in fatigue strength as the value of
hb Is increased.

Northwestern Univerait~,
Evanston, 111,, J~e 7, 194.50
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TABLE1

FATI(WETEST RESULTS

Spectian

Serbs

n

CA

CB

No

loed per
rivet

lb

252
263
263
262.5
206.5

96
92
85.5
78
78.5
78.5
79*5
76
79.5
97.5
75.5

217
83
~.5

81
63.5
68
64
64
66
65.5

=4
=3*5
92.5
93
93.5
90
+6.5

%:
10005
98

Maxllmam
unit
8tres8

psi

36500
38100
38100
38 CKXl
37100
38100
16 IDO
13900
g &

u 300
121$oo
IJ.400

ii%
11500
4150
10900

31500
12030
9930
8 ILO
11750
9200
9850
9270
9300
9 560
9500

32500
32400
13400
13480
13 550
13050
4000
15950
15 lm
u 550
14200

Numberof
Cycles

16 /+00
60000
230~

3gg

kloOoo
10I4OOO
1000OOOO

%E
10 1+76000

55Ow

7gE
235 m

6&i!oo0
lb75m. . .

17501000
U1OOOOO

700 m
2000000

Notee

i%8ti0 tOOt
II n
n II

n n
m n
n n

Rivetsmptured
n n
n n
n m
n It
w n
n II

Rivets loose
IUveta not mpturcd

n n n
n II n
n n n

Statlotoot
Rivotemptured

n n

Rtveta not ruptured
Rivetsruptured
Rivets not ruptured
Rivete mptured
Rivets not ruptured

n II n

Rkete ruptured
n n

Statiotent
II w

IUvets not ruptured
Rlvete ruptured
Nivetanotmptured
Rlvetaruptured
Rivetsmptured
Rivetsmptured
Rtvetezuptured
Rivetsxuptured
Rivetsmptured
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--- & \t,.”u”AAAbLv.,

Spedmen v + Haxblnl Number of Notes ,
load per Unit cycles
rivet etre88

Serlee No lb pei

32 92.5 13 40Q U9 500 Rivetsruptured
94.5 13700 II II

R 96 13900 7“ $&’ II II
9405 13700 II If

;2 90.5 13100 11335000 Rivetsnot mptnred
37 93.5 13 550 371000 Rivetsmptwed

;;:; 13700 190m n II
z 13 w 300000 *I II
~ 93.5 13 550 1400000 n n

95 13760 1270000 n II

u+ 9$.5 ll+m 800000 n n

cc 37 244 35500 Stiatic teat
U 13920 6u30c00 Ri~etonotruptured
12 104 15 100 12210000 II n n

105.5 15 30Q 2010000 Rivetsruptured
?; 109 1!5m n n

13 200 lo%% Rivetsnot mptured
2 : 13600 5976~ n It n

u+ 060 9 517000 n n n

2 1;! 19000 425800 Rlvetemptured
27 1.24 17960 1792 W n n

28 103.5 15000 9175003 Rivetenotmptured
llo*5 16020

;:
9759000 n n Ii

3.23.5 17910 6632000 11 n ff
31 n7.5 17050 429000 Rivetsruptured
32 117*5 17050 572000 II n
33 138.5 20080 900000 11 It

138 20000 5U Ooo II n

Z lloe5 16 (XM U5 m II n

131 18980 202000 n II I

.—

TABLE 2.- SUNMARYOF MAIN TEST RESULTS.

Seriei?i CA Series CB SeriesCC SerieeNA

Static teneile strength psi 31 500 32500 35500 38100

I Endurance limit at 107 cycles psi 9300
!

12900 15000
!

11000
I

I ~tio Static tensile ntremth ~ I 30
I

40 42
I

29
Endurance limit
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t-+-l

H’1/2

o____L

(All dimensions in

“c780v
Tn’

.064

L/4

1-
b-
1 -.,

t+ “A-lro.wnrill

Rivet- Method Depth of
Speci- Rivet head hb of counter- llumber
men diameter angle Clrivingnink

(in.) (deg)
req9d.

CA1
3/32 78 -0.003 c

CZ4
0.050 24

CB1
3/32 78 .000 c .047

c&4
24

ccl
3/32 78 .010 c .037

C::4
24

NA1
3/32 60 -- -Reverse .030

N~4
24

Figure l.- Details of specimens for main teetu.

inohen)

Figure 2.- Dlmenaions of macnine-countersunk
rivet and angle of countersink

used in riveting method C for l/8-in. rivet.

/--600L
4

.

.064

Figure 3.- Dimensiona of roundhead rivet and
angle of countersink used in

riveting nethod E for l/8-in. rivet.
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Vibratin

~ m

Buckling
bar

Method E Uethod C

Figure 4.- Methods of rivet-
ing used in this

investigation.

l---i

IF++1/2

—
pOSitiVe hb ~eg?i~~vt! hb

Before driving

ha ha

Positive ha Negative ba

After driving

L__L

Figure 5.- Illustrations of hb and ha for machine-
countersunk rivets.

CIA

cm

C2A
C2B

03A
03B

C4A
C4B

Method (

3/32

3/32

1/8

1/8

I

hh = O; rivet-head an(

0.040

.064

.040

.064

3/4

3/4

7/8

7/8

7/16

7/16

3/8

3/8

e, 78°

1-1/8

1-1/4

1-1/8

l-1/4

Method E; rivet-head angle, 60°

~
ti2A
lJ2~ 3/32 .064

N3A
~3~ . 1/8 .040

N4.4
N4B 1/8 .064

3/4

3/4

7/8

7/8

T
7/16 1-1/4

3/8

I
1-1/8

3/8 I l-1/4

0.047

.047

.060

.060

0.030

.030

.050

.050

Figure 6.- Details of specimens for
(All dimensions in inches) preliminary tests.
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I ,.1/4n Allen head net screw
l.’

.-,= +a!iiil-’J

View ‘onA-A

I ,.Hardenedsteel gripe, faCe9 againSt
specimen grooved to depth of
.005W, threiul 1“ diameter by 8

II

B ‘.

— —

T_
\

41 ,.1/4” diameter dowel pin,
flattened on lower end.’

ii-l
,’

.,
~..

-l/8R
“.12

- “A ‘- =’-.
.-J -;

3/16H diameter dowel
—

y
d

pin

Lock nut------

<

:’
d

=
ml

Symmetrical about ~-:
2“ between grips

.

—

.

Ip,.-3/16” diameter dowel pin, drive fit
.,—-

View on B-B

+

4

Fig. 7

I

v

Figure 7.- Detail@ of grips used to mount specimens in testing machines.
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FIGURE 8.—1{.F.Moore type fatigue machine.
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140 /

120

100

n
d

$ 80
4
M
~

Go

k 60

2
2 / /

40- /

/

20 /

o .02 .04 .06, .08 .10 .12 .14
Deflection, in.

Figure 9.- Helical spring calibration graph.
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Dial reading A , in. &

Figure lo.-
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PrOTIU riot oalibratios. OaMbra~ionmde ustiK two electrio resist-m Strain gages me@* m steel bar sPecimen in fati6uetestingmnchine,~
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.

~
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2

/

~40.
/ ‘

8

30 ,
/

20
/

/

(
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/
/ ‘

o eo 40 60 80 100 130 140 160 180 aoo aao a40 a60 680 300
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Figure 11.-Oallbrstieaof helloeleprl
in fatiguetoatlng mealne.

y e@irls* ,,0,1 ng ri~. (Galib.ratimtm.mjeusingtwo eleotrtoSastatanoestrain~es mountedon steelbar specimen
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(a) Specimen cC35 after rupture (b) Specimen grips

FIGURE 12.—Test specimen grips and

,,

,, ,.
,;,“

(c) Specimen grips

details.
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FIGURE 13.—lUain testspecimens before rupture.

Fig.13
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w

1 I 1 , , , ,

0 Rivetsruptured
- Rivets not ruptured

16 II Ienmmldelv raGer9d I I I I I I I I
~All valuesreoresent i 1 I I I I I I

-. —r ----- . . . . . . ..-

tensiom-compressiontests
d
$

m

ij

10

a

60 1 i! 3 4 5 6 7 8 9 m
Cycles in millions

~igure 14.- S-N curve fo* HA epemmens.

ao,

1s -

16

z
tension-compression tesi Is

x
.

: 14
;m

~
18

10

a

60 1 a 3 4 5 6 7 e 9 10
Cyclesin millions

Figure15.-S-X curvefor CA specimens.
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I

t_t iii
, , , I20

I I I I I i I I I I I 1- I I I I I

18
, , , I ,

,.

16L
P

It

0
:
X14

m- 1E
m
:

-

$

+3

IS

10
0 Rivets ruptured
0- Riretenot ruptured

completely reversed

8
tension-compression testm

.

1 1 1 1 I

“o 1 a s 4 5 e 7 e 9 “10
Cycles in millionm

Figure 16,- 5-M ourve for CB specimems.

ao

0

18

- =

16 --

c-

:

M 14 1b—

●- <‘-
: -

:
9

: la
s

o Rivete ruptured
@ Rirets not ruptured

10 All vsluem represent
completely reversed
tension-compressionteSts

a

60 1 2 3 4 5 6 7 8 9 10
Cycles in millions
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(a) Ratio

5H28
.

.50

_——_ -- +
40

L

Y>
1

‘---

/

\

\\

30 { 1 $

20

10

0’
-.003 0 .010

hb

Fig. 18

Endurance limit, 107 cycles in percent against hb.
Static ultimate strength

4

7
.

Static ultimate
strength ‘,I

O C specimen,
method C

A N specimen,
method E

Endurance limit,
107 cycles ‘.,

()—~
\

\\

&
-.003 0 .010

hb

(b) Unit stress agaixmt h~.

Figvre 18.- Main test results.
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YJAC’A ARR NO. 3H28 Fig. 19

Speclnlen CC25

Slwcinlcl] CC:13

FIGI-RE 19.—X1ain testrivetsafterru@lwe.
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